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CROSS REFERENCE TO RELATED APPLICATIONS 
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Application No. 10/622,109, filed July 18, 2003, which is a 
continuation of International Application No. 

PCT/GB02/00138, filed July 14, 2002, and claiming priority 
to British Application GB 0101301.0 filed January 18, 2001, 
to which the present application also claims priority. The 
disclosures of the foregoing applications, together with 
the disclosures of each and every U.S. and foreign patent 
and patent application mentioned below are incorporated 
herein by reference in their entirety. 



BACKGROUND OF THE INVENTION 

0002 This invention relates to solid-state imager 
arrangements and more particularly to arrangements in which 
signal charge multiplication is implemented. 

0003 In a typical charge coupled device (CCD) imager, signal 
charge representative of incident radiation is accumulated 
in an array of pixels over an image area. Following an 
integration period, signal charge is transferred to an 
output register by applying appropriate clocking or drive 
pulses to control electrodes. The signal charge is then 
read out from the output register and applied to a charge 
detection circuit to produce a voltage, which is 
representative of the amount of signal charge. 

0004 Our previously published patent application, GB-A- 
2323471 discloses a CCD imager arrangement in which signal 
charge multiplication is obtained by providing a separate 
multiplication register following the output register. 
Charge is transferred through high field regions in 
elements of the multiplication register, thus accelerating 
the signal charge carriers and generating additional 
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carriers through impact ionisation. As carrier 

multiplication occurs outside the conventional CCD 
structure itself, both the operation of the multiplication 
register and the CCD imager may be optimised without 
compromising the performance of one for the sake of the 
other. 

0005 The present invention seeks to provide an improved 
solid-state imager arrangement. 

SUMMARY OF THE INVENTION 

0006 According to the present invention, there is provided a 
solid state imager arrangement comprising: an image area, 
an output register which receives signal charge from the 
image area, a separate multiplication register into which 
signal charge from the output register is transferred, 
means for obtaining signal charge multiplication by 
transferring the charge through a sufficiently high field 
in elements of the multiplication register, and an 
additional register into which excess signal charge is 
transferred. 

0007 The invention is particularly suitable for arrangements 
in which the solid-state imager is a CCD imager but it may 
be applicable to other types of solid-state device in which 
packets of signal charge are transferred into an output 
register. 

0008 The excess signal charge is that charge originating from 
the image area, which does not pass entirely through the 
charge multiplication register. In the previously proposed 
arrangement, in parts of a scene of high illumination there 
is a risk that the well capacities in the multiplication 
register can be exceeded, leading to saturation and loss of 
image resolution. Thus, a drain region may be included 
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which accepts charge exceeding a threshold value to avoid 
saturation. 

0009 The present invention has realised that although the 
previously proposed structure offers good performance, it 
is possible to enhance it still further. The inclusion of 
an additional register to accept excess charge means that 
in circumstances where the well capacities of the 
multiplication register are likely to be exceeded, some of 
the signal charge originating from the image area is 
diverted away from the multiplication part of the 
arrangement. Instead, this excess signal charge is 

transferred to the additional register, which is a 
structure also capable of holding charge packets, which may 
be controllably moved through the additional register. The 
remaining charge, which passes through each multiplication 
stage, may then be recombined with the excess charge from 
the additional register. For example, the signal charge 
packet may be reconstituted by appropriate synchronised 
clocking of the two register outputs to transfer 
corresponding charge packets from the multiplication and 
additional registers to a single charge detection circuit 
simultaneously. The combining step is conveniently carried 
out before any further processing of the signal charge is 
carried out but it could be implemented at a later stage in 
the processing sequence, for example after charge has been 
converted at separate charge detection circuits or 
following conversion into video output. It may not always 
be necessary to synchronise the multiplication and 
additional register readouts providing provision is made 
for combining the signal from charge packets originating 
from the same pixel . 
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00010 By using the invention, the dynamic range may be 
increased in comparison with the previous arrangement. In 
the previous arrangement, charge is lost to preserve image 
resolution at high illumination levels. With the present 
invention, the additional register acts as an overflow to 
store the excess signal charge, which can then be usefully 
added back to the multiplied charge instead of being 
discarded. This gives the capability for the same imager 
arrangement to be used for both low light conditions and 
daylight conditions. It also permits dark and bright 
images in a scene to be detected simultaneously without 
loss of resolution in the high intensity regions. 

00011 The dynamic range capability of a CCD is often described 
by the ratio of the saturation signal to the read noise. 
In the previous device employing a multiplication register, 
the transfer curve is linear and saturation is determined 
by the charge handling capability of the output circuit or 
of the elements of the multiplication register which is 
typically only a few times greater than that of the pixel. 
Since gain implemented by the multiplication register may 
be 2 00 times or greater, the saturation signal may 
represent less than 1% of the well capacity of the pixel. 
By employing the invention, however, the whole range of 
pixel well capacity may be used, giving the consequent 
increase in dynamic range. 

00012 The transfer of excess signal charge into the additional 
register may be accomplished by passive means or by active 
means, such as a gate electrode structure to which control 
signals are applied. 

00013 There are several ways in which excess charge may be 
separated from the remaining charge, which is transferred 
through each element of the multiplication register. In 
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one embodiment, the signal charge from the output register 
is applied to the multiplication register. The charge is 
increased as it is clocked through the multiplication 
register and undergoes signal multiplication. The 
additional register is located adjacent the multiplication 
register, separated therefrom by a potential barrier. 
Excess charge from the multiplication register flows over 
the barrier and into a corresponding element of the 
additional register. The signal charge from the two 
registers may be detected on separate amplifiers or 
combined and detected on a single output as the sum of the 
two register outputs. 

00014 If the multiplication register has a peak capacity N 
electrons and a gain of G, the response is linear with a 
slope of G up to N/G input electrons and then logarithmic 
to N input electrons. For signal inputs of N electrons or 
greater, all elements of the multiplication register will 
be full, so gain contribution to the output signal will be 
fixed and the response will consequently, again, be linear 
with a slope of l.Thus, the dynamic range is effectively 
extended by a factor of approximately G, but the additional 
capacity required is only increased by the logarithm of G. 

00015 The excess signal charge may be transferred to the 
additional register via one or more elements of the 
multiplication register as described above. In another 
embodiment, excess charge is separated from the remainder 
of the signal charge before the remainder is applied to the 
multiplication register. For example, signal charge may be 
detected or sampled either before application of the charge 
packet to the multiplication register or via one or more 
elements of the multiplication register. Subsequent 
transfer of the excess signal charge to the additional 
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register may then be carried out depending on the magnitude 
of signal charge detected. For example, if it is 
determined that the signal charge in the first element of 
multiplication register would lead to saturation in the 
final element of the multiplication register, following 
amplification as the charge is transferred through the 
multiplication register, an amount of signal charge 
suitable to prevent saturation from occurring may be 
diverted as excess charge to the additional register. In 
another embodiment, a fixed percentage of the signal charge 
may always be diverted to the additional register as excess 
charge, but this may lead to some reduction in the amount 
of multiplication, which could otherwise be achieved. 

00016 The excess signal charge may simply be that which 
exceeds a threshold level at some stage in the transfer of 
the signal charge through the multiplication register. The 
threshold level may be fixed or may be variable to take 
into account changes in the scene being viewed by the 
arrangement and/or ambient conditions. 

00017 The arrangement may be such that each element of the 
multiplication register corresponds to and is in 
communication with an element in the additional register, 
with transfer of excess charge being possible from each 
element in the multiplication register. In another 
arrangement, such transfer may only be possible from 
certain of the elements of the multiplication register, for 
example from alternate elements or from elements towards 
the output end of the multiplication register. 

00018 In a preferred embodiment, the additional register is 
located physically close to the multiplication register so 
as to permit direct transfer of charge between the two via 
the intervening structure. However, they could be remotely 
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located with respect to one another with charge being 
transferred via intervening circuitry and clocking 
techniques . 

00019 The invention is most applicable to an arrangement in 
which a single multiplication and a single additional 
register are included. However, in some embodiments, a 
multiplication register may be associated with a plurality 
of additional registers, which may be arranged in parallel 
or in a cascade arrangement. Also, a plurality of 
multiplication registers, each with its own additional 
register or registers may be included in an arrangement to 
accept signal charge from a single output register. These 
architectures however are somewhat complicated and it is 
not apparent that the complexity would be offset by 
improved performance. 



BRIEF DESCRIPTION OF THE FIGURES 
0002 0 Some ways in which the invention may be performed are 
now described by way of example with reference to the 
accompanying drawings, in which: 

00021 Figure 1: schematically shows a CCD imager arrangement 
in accordance with the invention; 

00022 Figures 2 to 4 : shows other arrangements in accordance 
with the invention. 

00023 Figure 5: shows an element of the multiplication 
register of Figures 1 to 4 ; 

00024 Figure 6: shows the well potential of the elements of 
Figure 5 ; 

00025 Figure 7: shows the well potential of the barrier 
element of Figure 1; 
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00026 Figure 8: shows a clocking element as may be used with 
the arrangement of Figures 1 to 4 and the well potential at 
three time intervals; 

00027 Figure 9: shows the physical register and barrier 
implant structure of Figures 1 to 4 ; and 

00028 Figure 10: shows the physical register and clocked 
element structure of the clocking element of Figure 8 . 



DETAILED DESCRIPTION OF THE INVENTION 

00029 The embodiments of the invention all involve the use of 
a multiplication register for multiplying signal charge 
from a solid-state imager and an additional register 
arranged to receive excess charge. The purpose of the 
arrangement is to provide a greater dynamic range by 
providing gain to small levels of charge (low light levels) 
whilst avoiding providing too much gain to higher levels of 
charge (high light levels) . 

00030 Charge is divided between the multiplication register 
and the additional register in two ways. First, as 
described later in relation to Figure 1, excess charge 
transfers from each element of the multiplication register 
to corresponding elements of the additional register. This 
transfer can be by overspill over a potential barrier 
(Figure 7) or by clocked elements (Figure 8) . Second, as 
described later in relation to Figures 2 and 3, excess 
charge is transferred to the additional register prior to 
applying charge to the multiplication register. The first 
and second methods of dividing the charge may be used 
together or separately. The preferred embodiment uses both 
charge division before the multiplication register and 
transfer from the multiplication register to the additional 
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register, although these will be described separately for 
clarity. 

00031 The embodiments start from the premise that, for the 
portion of the signal from the imager that has, say, 
greater than 20,000 electrons, no benefit accrues from 
multiplication. This size of signal can be detected 
efficiently with a conventional charge detection circuit. 
By diversion of excess charge from the gain register into a 
parallel, non-gain, register, only a small proportion of 
the charge (that which cannot be efficiently detected 
without gain) is subject to gain. The total charge in the 
gain and the non-gain registers will not be much greater 
than for a system with no gain, and so the two charge 
streams may be recombined, since the total is within the 
range of a single charge detection circuit with a 
sensitivity only slightly less than would be required with 
no gain register. As described later, therefore, the 
streams of charge in the gain (multiplication) and non-gain 
(additional) registers can be recombined prior to 
detection. 

00032 The option still exists to detect the two charge streams 
on different charge detection circuits, but little or 
nothing is gained in performance at the expense of greater 
complexity. 

00033 Charge partition between the multiplication and 
additional registers takes place before the charge 
multiplication. In addition, as gain is applied and the 
amount of charge in the gain register increases, the excess 
is continually diverted to the parallel, non-gain register 
along the whole length of the gain register. In this way, 
the gain register only ever needs to handle a small amount 
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of charge so, rather than increasing in width, the width is 
small and remains small. 

00034 The gain register includes a high voltage clock, which 
is responsible for significant power dissipation when 
applied to the capacitance of the gain register. Keeping 
this register small gives useful reduction in power 
dissipation . 

00035 In order to maintain a very low charge level in the gain 
register the storage area is small and the potential 
barrier separating the gain register and overspill register 
is also low. With a non-clocked barrier presenting this 
low potential barrier (Figure 7) , it is only possible to 
hold a large amount of charge in the overspill register by 
giving that register a large storage area. This large 
storage area increases capacitance and hence increases the 
power dissipated during clocking. The clocked overspill 
(Figure 8) effectively makes the barrier directional, so 
charge cannot flow from the overspill to multiplication 
register and the storage area can, therefore, be more 
moderate . 

00036 With reference to Figure 1, a CCD imager 1 includes an 
image area 2, a store section 3 and an output or readout 
register 4. the output register 4 is extended linearly to 
provide a multiplication register 5, the output of which is 
connected to a charge detection circuit 6. An additional 
register 7 having the same number of elements as the 
multiplication register 5 is located physically adjacent to 
the multiplication register 5, an implanted barrier region 
8, shown schematically, being located between the two 
registers 5 and 7. 

00037 During operation of the device, incident radiation is 
converted at the image area 2 into signal charge 
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representative of the intensity of radiation, which 
impinges on the pixel array making up the image area 2 . 
Following an integration period during which image 
acquisition occurs, drive pulses are applied to control 
electrodes 9 to transfer charge accumulated at the pixels 
of the image area 2 to the store section 3. Simultaneously, 
drive signals are also applied to control electrodes 10 at 
the store section to cause charge to be transferred row by 
row towards the output register 4. 

00038 When a row of signal charge has been transferred to the 
output register 4, appropriate drive pulses are applied to 
electrodes 11 to sequentially transfer the signal charge 
from the elements of the output register 4 to those of the 
multiplication register 5, which is of similar architecture 
to the output register. 

00039 Multiplication of charge is implemented at each element 
of the multiplication register 5. High amplitude drive 
pulses, at the rate at which charge is clocked through the 
output register 4, are applied to control electrodes 12 to 
both transfer signal charge from one element to the next 
adjacent element in the direction shown by the arrow and 
also to increase the level of signal charge by an amount 
determined by the amplitude of the drive pulses. As each 
packet of charge is transferred through the multiplication 
register from one element to the next, the signal charge 
increases. The output of the multiplication register 5 is 
applied to the charge detector 6, this being a multiplied 
version of the signal charge collected in the output 
register 4. At each stage of the multiplication register 
5, the signal charge is increased and each signal charge 
packet stored in the output register 4 undergoes identical 
multiplication process as each travels through all the 
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elements of the multiplication register 5. In another 
embodiment, signal charge multiplication is controlled by 
the level of one or more dc potentials applied to the 
register. 

00040 The above description of the operation of the 
arrangement shown in Figure 1 is carried out when the 
signal charge collected at the image area 2 is relatively- 
small and thus saturation does not occur during transfer 
through the multiplication register 5, the well capacity of 
the final element or elements of the register 5 being 
sufficient to accommodate the multiplied charge packets. 
However, in the event that the charge collected increases 
beyond the well capacity of the elements of the register 5, 
some of the charge is transferred from the elements of the 
multiplication register 5 via the implanted barrier into 
corresponding elements of the additional register 7. The 
amount of excess charge transferred to the additional 
register 7 is dependent on the barrier potential. In this 
embodiment, the barrier potential is fixed and is uniform 
along the length of the multiplication and additional 
registers 5 and 7. In other devices the potential is 
variable via control electrodes and/or is non-uniform. If 
the charge applied to the first element of the 
multiplication register 5 is reasonably small, so that at 
the final element 5 the well capacity would only be 
exceeded by a relatively small amount, transfer via the 
barrier between the two registers only occurs between 
elements at the ends of the registers where the charge has 
undergone the most multiplication, for example, over the 
last two or three elements. Where a larger signal charge 
appears at the first element of the multiplication register 
5, then transfer of the excess charge to the additional 
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register 7 occurs over a greater length of the two 
registers, transfer being possible between each element of 
the multiplication register 5 and a corresponding element 
of the additional register 7. The two registers 5 and 7 
are clocked in synchronism so that the charge appearing at 
the final element of the two registers originated with the 
same packet of signal charge from a common pixel of the 
image area 2. The outputs of the two registers are then 
combined at combiner 13 prior to being applied to the 
charge detector 6. In one embodiment, the registers are 
clocked in synchronism with line timing of a television 
signal . 

00041 The elements of the multiplication and/or additional 
registers may have the same charge capacity, or elements 
nearer the end or ends may have larger charge capacity. 

00042 In another embodiment (described later in relation to 
Figure 8) , a control gate structure is disposed between the 
multiplication register 5 and additional register 7 to 
control the transfer of excess charge to the latter by 
applying suitable control pulses. A combination of the two 
approaches may be used. 

00043 Figure 2 illustrates another embodiment of the invention 
in which a processing circuit is located between the output 
register 4 and the multiplication register 5. A detector 
circuit 14 detects the amount of charge for an element from 
the output register 4 and causes a fixed percentage of that 
charge to be diverted to the additional register 7. In 
other respects, the arrangement is similar to that shown in 
Figure 1. However, in this type of device, it is not 
necessary to arrange for the additional register 7 to be in 
physical proximity to the multiplication register 5 as 
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there is no direct connection between the two for transfer 
of excess charge to the additional register 7. 

00044 In the devices of Figures 1 and 2, the charge from the 
multiplication register and that from the additional 
register is recombined prior to being applied to charge 
detector 6. In other arrangements, recombination is 
carried out at a later stage in the processing of the 
output signal. Also, it may be desirable in some 
applications to add a multiplication capability to the 
additional register 7, which performs in a similar way to 
that of the multiplication register 5. 

00045 With reference to Figure 3, in another embodiment 
similar to that shown in Figure 2, a threshold circuit 15 
replaces the detector circuit 14 and acts on applied signal 
charge to divert charge exceeding a threshold level to the 
additional register 7. The threshold level can be fixed or 
variable. For example, it may be arranged to automatically 
track changes in ambient temperature or other parameters, 
or it could be controllably adjustable. 

00046 With reference to Figure 4, a device similar to that of 
Figure 1 also includes an implanted barrier 8 between a 
multiplication register 5 and additional register means for 
carrying excess charge. However the register means 
includes two additional registers 16 and 17 also having an 
implanted barrier 18 between them. Excess charge from 
additional register 16 is thus transferred to additional 
register 17, and outputs of the three registers are 
recombined at combiner 19. This arrangement may be 
advantageous where signal charge multiplication is carried 
out in the first additional register 16 as well as in the 
multiplication register 5. In other architectures (not 
shown) , several additional registers may be arranged in 
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communication with a respective different set of the 
elements of the multiplication register. 

00047 Figures 1-4 illustrate the application of the invention 
to a CCD imager of the Frame Transfer architecture but it 
is equally applicable to all other architectures e.g. 
Interline Transfer and Linear imagers. 

00048 A schematic cross section of each element in the 
multiplication register is shown in Figure 5. The element 
comprises a base 20 of p-type silicon, an n-type layer 22 
and a dielectric layer 24. (this describes an n-channel 
CCD. In principle, the multiplication structures described 
could also be applied to a p-channel CCD) On the 
dielectric layer, each element has four electrodes shown as 
normal clocked electrodes Rtyl 26 and R<|>3 28, a DC electrode 
R(|)DC 30 and a high voltage electrode R<|>2HV 32. The element 
provides gain by clocking voltages at the electrodes such 
that a relatively high voltage at electrode R<|)2HV 32 causes 
multiplication of charge. The clocking of the electrodes is 
shown further in Figure 6 . 

00049 The element of the multiplication register is made up of 
four phases although other configurations could be 
possible. R<(>1 and R<|>3 are clocked as normal readout 
register phases. R<|>DC is a DC phase that separates R<|)1 from 
R<|)2HV. R(j)2HV, the multiplication phase, is a clocked phase 
but using a much greater amplitude than Rtyl and R<|)3 . On the 
high to low transition of R<j)l, signal originally under R<|>1 
will drift to R<()2HV. The potential on R<|>2HV is set high 
enough so that the fields experienced by the electron 
signal will cause multiplication to take place. Once the 
signal electrons and the electrons created by the impact 
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ionisation are collected under R<|)2HV the total amplified 
signal can then be transferred to R<|>3 by switching R(|)2HV 
low and R<|>3 high. The process is repeated through all the 
gain elements in the multiplication register. As an 
example, the device could have 591 gain elements. If the 
impact ionisation increases the signal by 1% at each 
element, the combined gain of the register of the CCD65 
will be 1.01 591 = 358. 

00050 As shown, charge is increased in each element by 
application of voltage at R<|)2HV, which causes impact 
electrons to form. It is noted, for the avoidance of doubt 
that the voltages shown are clocked and so vary in 
amplitude. The voltages are shown at a given instant. 

00051 The elements of the multiplication register in the 
arrangement of Figures 1 to 4 described are arranged 
adjacent corresponding elements of the additional register 
with a barrier region 8 between them as previously 
described, and this barrier is shown in more detail in 
Figure 7 . 

00052 One element of the multiplication register 5, barrier 
region 8 and additional register 7 are shown. As can be 
seen, the electrons that have been subject to 
multiplication collect in R<|>3 well of the multiplication 
elements 5. A barrier potential 8 between the 
multiplication elements and the overspill additional 
register 7 ensures that electrons do not transfer until the 
charge in each multiplication element reaches the barrier 
level, at which point excess charge spills over into wells 
of the additional register 7 as shown by the arrow. 

00053 As previously noted, the preferred embodiment of the 
invention is a CCD imager as shown and described in 
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relation to Figures 1 to 4, but modified to include a 
clocking region in addition to the barrier region 8. The 
clocking region comprises a group of elements, one such 
group being shown in Figure 8. Each clocking element is 
arranged between one element of the multiplication register 
and one element of the additional register. The final 
electrode of each multiplication element is R<|>3M and this 
is separated into two regions by a potential barrier. 
Charge is transferred into the main region from the 
previous electrode of the multiplication register. On 
progressing through successive elements of the 
multiplication register, charge is increased until the 
charge in one of the wells under electrode R(j)3M is 
sufficient to spill over into the smaller region. The 
clocking element then proceeds through a three-phase cycle. 

00054 In the first phase, as shown diagrammatically in Figure 
8 (A) , potentials at RtylC and R<j)2C are low (that is the 
voltage applied is low so the well is shallow) so that 
electrons passing the barrier are trapped. At the second 
phase, Figure 8(B), the potential at RtylC goes high and at 
R<|)3M goes low causing electrons to transfer to the well 
under R<|)1C. In the third phase Figure 8(C) the potential at 
electrode R<))1C goes low and at R$2C goes high transferring 
charge to the well at R(()2C. Lastly in Figure 8(D) the 
potential at electrode R<|>2C goes low and at R<|>30 goes high 
transferring charge to the well at R<(>30 in the overspill 
register. 

00055 The embodiment thus does not gather charge on the 
opposite side of the barrier potential from R<|)3M, but moves 
charge away to R(f>lC and R<|)2C from where it is transferred 
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to the additional register. By doing so, the extension of 
dynamic range is not impaired by the limited capacity of 
the overspill register with a low potential barrier as in 
the arrangement of Figure 7 . 

00056 The clocking connections for multiplication and 
additional registers and the clocking elements between them 
will now be described. 

00057 The various regions of the multiplication and overspill 
register structure may in principle have separate clock 
connections. For the Multiplication register these may be 
designated R(|>1M, R<t>DC, R<|>2HV # and R<|>3M (using the suffix M 
to denote "m"ultiplication and to distinguish from other 
registers) . For the Overspill register they may be 
designated R^IO, R§20 and R<))30 (using the suffix 0 to 
denote u o"verspill) . For the additional clocking region 
between the two registers they may be designated R<j)lC, R$2C 
and R<|)3C (using the suffix C to denote "c"lock) . R<|>3C is 
not shown in figures 8-10 but it may exist in a practical 
application of the invention. Separate clock pulses may be 
applied to all of these connections and variety of clocking 
schemes devised which would give correct operation of the 
structures. However there are clear advantages to be 
obtained both in layout topology and operational simplicity 
if a number of these clock connections are commoned 
together. 

00058 In the case of the unclocked transfer of charge from the 
multiplication to the overspill register, as shown in 
Figure 9, R^IM and R(j)10 may be joined to form a single R<|>1; 
R<t>3M and R<|)30 may be joined to form a single R<(>3 . The same 
clock pulse sequence and timing as would be required for a 
simple multiplication register without overspill may then 
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be used to operate the device with the addition of a single 
extra clock phase R<|)20 (typically designated R<|>2) which 
completes a normal 3 -phase group of clocks with R§1 and 
R<|>3 . These 3 clock phases R(|>1, R(|>2 and R(j)3 may also be 
joined to the corresponding clock connections for the 
standard readout register of the CCD (designated 11 in 
Figure 1) . 

In the case of a clocked overspill structure a similar 
set of connections may be made. R<J)1M, R(j)10 and R<|>1C may be 
joined to form a single R<|>1; R<(>20 and R(()2C joined to form 
R<|)2 and Rc^M, R<|>30 and R<|>3C joined to form R<|)3 . These 
clocks may also be commoned with those of the standard 
readout register as before. The resulting structure has 
the same set of connections as the basic structure and will 
operate with the same set of clock pulses (timing and 
amplitude) . It must be noted however that the charge, 
which is clocked to the overspill register, is effectively 
delayed by one element from its associated signal in the 
multiplication register and allowance must be made for this 
in recombining the signal e.g. by including an extra 
element between the multiplication register and the output 
amplifier. The clock connections may be commoned in a 
number of different ways depending on the layout topology 
of the CCD e.g. the way in which the multiplication 
register is folded to minimise device area. As indicated 
in the figures a single polysilicon electrode may cross 2 
or 3 regions to common the clock connection directly. 
Alternatively (also as indicated) polysilicon electrodes for 
different regions may connect to separate low-resistance 
bus lines (as is standard for CCDs) and these bus lines may 
join on chip or be connected to separate bond pads with the 
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connection made externally. In practical implementations 
of CCD image sensors we have made these common connections 
which means that only two additional connections (R<|>DC and 
R<(>2HV) to those required for a standard CCD allow operation 
of any device with a multiplication register and either (or 
no) overspill register structure. 
00060 The invention has been described in detail with respect 
to referred embodiments, and it will now be apparent from 
the foregoing to those skilled in the art, that changes and 
modifications may be made without departing from the 
invention in its broader aspects, and the invention, 
therefore, as defined in the appended claims, is intended 
to cover all such changes and modifications that fall 
within the true spirit of the invention. 



i 
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